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Abstract

In recent years more and more houses in Hokkaido, a northland in Japan. are built air-tight and equipped with
basements to conserve heating energy. Therefore, concentration of indoor radon and its daughters are expected to be
clevated in these houses compared to those built elsewhere in Japan where houses have crawl spaces.

In a previous study we examined several aspects of the filter pack method and extended its applications for field
surveys. In the current study we have used the extended filter pack method and the electrostatic radon monitoring
method to measure concentrations of radon and its daughters as well as the removal indicator values of indoor radon
daughters in energy-efficient houses, schools, offices, hospitals and underground living spaces in Hokkaido. The
sampling locations include concrete single-family homes, concrete apartment buildings, wooden houses and R-2000
houses. During the winter the concentrations in the concrete single-family homes were higher than those in the other
house types. The annual variations in concentration and removal indicator values of radon daughters were examined.
The peak concentrations in each house type in winter was higher than that the peak concentration obtained in central
Japan. The removal indicator of radon daughters during the heating season were lower than those during the non-
heating seasons. During the non-heating seasons the removal indicator values for the concrete single-family homes
were the lowest of all house types.
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Fig. 1 Electrostatic integrating Rn monitor
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Table 2 Scasonal variations in Rn concentrations with electrostatic Rn

monitor method in different houses of Hokkaido

Rn Concentration (Bg/m’) S.D. c.V.
Mean Max. [%]
Concrete Single House
Spring (n=6) 25. 87 59. 56 17.67 68.3
Summer (n=7) 17.10 30. 59 7.59 44.4
Autumn (n=9) 30. 02 55. 66 16. 36 54.5

Winter (n=16) 69. 96 241. 80 84. 65 121.0
Concrete Apartment House
Spring (n=7) 27.87 58. 55 20.72 74.3
Summer (n=7) 12.85 30. 83 10. 19 79.3
Autumn (n=10) 27.30 59. 82 19.63 71.9
Winter (n=16) 48. 18 126. 70 28.72 59. 6
Wooden House
Spring (n=6) 21.93 34.22 12. 01 54.8
Summer (n=7) 15. 62 37.53 11. 61 74.3
Autumn (n=10) 21.86 4487 14. 88 68. 1
Winter (n=17) 24. 90 47.53 13. 31 53.5
R-2000 House
Spring (n=7) 4.80 6. 43 1.66 34.5
Summer (n=7) 2.72 4.23 0.95 32.4
Autumn (n=7) 6. 87 12. 43 2N 39.5
Winter (n=8) 11.57 18.54 3. 96 34.2
Qutdoor
Spring (n=5) 1.31 2.59 0.83 63.6
Summer (n=5) 1.37 2. 66 0.88 63.9
Autumn (n=7) 3.06 4.33 0.76 24.7
Winter (n=11) 2.23 3.47 1.09 48. 7
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Table 1 Rn concentrations with electrostatic Rn monitor method

Rn Concentration (Bq/m’) S.D. C.V.
Mean Max. [%]
Concrete Single (n=38) 43. 80 241. 80 60. 46 138.0
Concrete Apartment (n=40) 33.24 126.70 26. 37 79.3
Wooden House (n=40) 22,07 47.53 9.06 41.1
R-2000 House (n=29) 6. 67 18. 54 4. 27 64.0
Underground (n=2) 139.12 231. 15 - -
Outdoor (n=28) 2.12 4.33 1.14 54. 0
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Table 3 Rn daughters and Rn concentrations (Bq/m®) with filter pack method in schools

RaA

RaC Rn vty

Lecture room (1) 31.04 12.36
Lecture room (2) 37.88 19. 39
Underground (1) 245.46 159.21
Underground (2) 236.02 165.50

10.40 36.41 2.35
10.99 42.00 1.48
147.41 260.59 0.84
161.62 247.46 Q.66
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Table 4 Rn daughters and Rn concentrations (Bq/m’) with filter pack method in low-energy houses

RaA RaB RaC Rn vty

BF 36.56 19.75 15.27 39.19 0. 96
32.08  21.72 7. 67 37.56 2.28

1F 38.92 12.23 5 11 48. 04 3.13
2F 18. 95 5 72 3. 84 22.19 2.29

Table 5 Rn daughters and Rn concentrations (Bq/m’) with filter pack method in hospitals

RaB‘

RaA RaC Rn v+y
No. 1 9.07 8. 67 2.51 10. 83 2.59
No. 2 4.7 2.49 0.39 6. 95 6. 34
No. 3 4,38 1. 71 1.56 4. 81 1. 31

Table 6 Rn daughters and Rn concentrations (Bq/m’) with filter pack method in houses of Hokkaido

RaA RaB RaC Rn vty

Concrete Single House (n=15)

Mean 33.37 22,99 13.40 38.05 2.50

Max. 94, 80 70.22 56.47 98.40 10.4

S.D. 23.05 18.73 15.82 23.58 2.82

C.V. [%] 69.1 81.5 118. 1 62.0 112.7
Concrete Apartment House (n=22)

Mean 26. 85 13. 69 7.33 30. 97 2.80

Max. 60. 27 37.76 23.88 65. 02 13. 48

S.D. 17. 21 9.88 6.53 19. 44 2.83

C.V. [%] 64.1 72.2 89.1 62.8 101.3
Wooden House (n=20)

Mean 22.72 10. 85 4,05 28. 14 3.27

Max. 46.58 20.98 13.84 57.65 11.92

S.D. 12. 06 5.12 3.26 14. 70 2.46

C.V. [%] 53.1 47.2 80. 4 52.3 75. 4
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Table 7 Rn daughters and Rn concentrations (Bq/m®) in heating and non-heating seasons

RaA RaB RaC Rn vty
Concrete Single House
Heating (n=6) Mean 48. 66 36. 50 22.74 53. 09 1.50
Max. 94. 80 70. 22 56. 47 98. 40 3.41
S.D. 27.79 18. 45 18. 96 28. 49 0.99
Cc.V. [%] 57.1 50.5 83.4 53.7 65. 9
Non-Heating (n=9) Mean 23.18 13.99 7.16 28.03 3.17
Max. 42 .37 32. 34 31.30 43. 88 10. 41
S.D. 12.73 9. 61 9.17 14. 26 3.38
C.V. [%] 549 68.7 128.0 50. 9 106. 6
Concrete Apartment House
Heating (n=9) Mean 29. 88 13. 22 8.02 35.33 2. 43
Max. 60. 27 28.19 23. 88 65. 02 5.26
S.D. 15. 21 7. 51 6. 28 18. 07 1. 61
C.V. [%] 50.9 56. 8 78.2 51. 1 66. 1
Non—Heating (n=13)Mean 2475 14.02 6.84 27.95 3.05
Max. 57. 04 37.76 22. 98 65. 34 13. 48
S.D. 18. 18 11.22 6. 66 19.79 3. 41
C.V. [%] 73.4 80.0 97.2 70.8 111.8
Wooden House
Heating (n=10) Mean 24. 97 11.28 4.65 30.44 2.89
Max. 44,59 20. 98 9.00 57. 65 5.42
S.D. 10.17 4. 81 2.39 12. 87 1.19
C.V. [%] 407 42. 6 51. 4 42.3 41.3
Non-Heating (n=10)Mean 20. 47 10. 43 3.44 25.84 3. 64
Max. 46. 58 20.76 13. 84 53.17 11.92
S.D. 13. 31 5.39 3.84 16. 01 3.23
C.V. [%¥] 65.0 51.7 111.6 62.0 88.7
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Fig. 3 Ventilation rate v and wall deposition rate y (/h) in Fig. 4 Ventilation rate v and wall deposition rate y (/h) of

heating and non-heating seasons

three kinds of houses in heating and non-heating
seasons. C. S. H.. Concrete Single-family Homes;
C. A. H.: Concrete Apartment; W. H.: Wooden House
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